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Pulsed high density plasmas have been widely employed to 
enhance process results in advanced semiconductor fabrication, 
such as reducing the notch effect and increase selectivity in etch 
process and improving properties of plasma deposited films. In 
this study, a RF plasma impedance meter has been developed to 
measure the time varying impedance during the power on period 
of an inductively-coupled pulsed plasma, where a shape adjustable 
coil[l] and conventional 13.56 MHz RF power were used. A 
capacitive voltage divider and a Rogowski coil were used [o sense 
the RF voltage and current on the transmission line connected to 
the ICP coil, respectively. After passing through a low pass filter 
to eliiNnate high order harmonics, the voltage and current signals 
were sent into an analog electronic circuitry to extract their rms 
values and relative phase. The circuitry was cold tested using 
function generator to show that, for 13.56 MHz signal frequency, 
little distortion was observed for modulation frequency up to SO 
kHz. A digital oscilloscope was used to record the temporal 
behavior of rms values of RF voltage and current, as well as phase 
and the data was passed to a personal computer through GPIP 
interface for further analysis to deduce the complex impedance 
observed into the ICP coil and the net input RF power. The 
impedance meter was calibrated by using a commercial impedance 
meter (AE RFi-60) under cw mode operation. The impedance 
meter was used for measurement in an Ar ICP discharge under 
several different types of power modulations, such as square, 
triangular, trapedoidal and sinusoidal modulation waveform. 
Experimental results show that, during the power on period, both 
RF voltage and current on the ICP coil initially increased to a peak 
value and then slightly decrease up to roughly 10-20 % until the 
power was tumed off for all four types of modulations. The 
relative phase between voltage and current also followed a similar 
temporal dependence. With these data, the real input RF power 
was also obtained. Measurement results show that neither RF 
current nor input power is constant even for a square wave 
modulation. This is because although the output power and 
match condition were fixed during power on period, plasma 
density and thus the effective load varies with time. These 
measurements results can be used to improve the assumptions 
given in modeling of pulsed ICP using global model[2] or 
spatially-resolved numerical simulations[3]. 
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ton dynamics in the narrow sheaths of high-density plasmas, 
especially in sheaths biased by radio-frequency (rf) voltages, are 
complicated and nonlinear. Models of such high-density, rf 
sheaths are needed to predict ion bombardment energies in 
simulations of high-density plasma etching. To provide data to 
test these models, we have measured ion energy distributions 
(EDs) in CF, discharges in a high-density, inductively coupled 
plasma reactor, at a pressure of 1.33 Pa (10 mTorr), using a mass 
spectrometer equipped with an ion energy analyzer. Energy 
distributions of CF, , CF, , CF , and F ions were measured as a 
function of rf bias frequency, rf bias amplitude, and inductive 
source power. Simultaneous measurements by a capacitive probe 
and a Faraday cup provide enough information to completely 
determine the input parameters of sheath models and allow direct 
comparison of calculated and measured IEDs. For conditions 
where the rf bias period is much smaller than, or much larger 
than, the time it takes ions to cross the sheath, very simple models 
are able to predict the features of the measured EDs. When the rf 
bias period approaches the ion transit time, however, more 
complicated models are required. One recently developed 
model[l], which include a complete treatment of time-dependent 
ion dynamics in the sheath, was found to accurately predict the 
behavior of measured IEDs over the entire range of rf bias 
frequency. 
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